Human leukocyte antigen-G (HLA-G) molecule exerts multiple immunoregulatory functions that have been suggested to contribute to the immune evasion of tumour cells. Studies on HLA-G expression in malignant haematopoietic diseases are controversial, and the functions of HLA-G on this context are limited. In the current study, HLA-G expression was analysed in different types of patients: de novo acute myeloid leukaemia (AML, n = 54), B cell acute lymphoblastic leukaemia (B-ALL, n = 13), chronic myeloid leukaemia (CML, n = 9) and myelodysplastic syndrome (MDS, n = 11). HLA-G expression was observed in 18.5% cases of AML, 22.2% in CML and 18.2% in MDS, but not in B-ALL patients. In AML, HLA-G-positive patients had a significant higher bone marrow leukaemic blast cell percentage when compared with that of HLA-G-negative patients (P < 0.01). Total T-cell percentage was dramatically decreased in HLA-G-positive patients (P < 0.05). Cytogenetic karyotyping results showed that all HLA-G-positive AML patients (n = 5) were cytogenetically abnormal, which was markedly different from that of HLA-G-negative patients (P < 0.01). Ex vivo cytotoxicity analysis revealed that HLA-G expression in AML leukaemic cells could directly inhibit NK cell cytolysis (P < 0.01). These findings indicated that HLA-G expression in AML is of unfavourable clinical implications, and that HLA-G could be a potential target for therapy.
Introduction
The expression of non-classical HLA class I molecule HLA-G was initially reported to be restricted to extra-villous cytotrophoblast and confers protection to foetus from maternal semi-allograft immune responses [1, 2] . HLA-G features low level of allelic polymorphisms and encodes seven protein isoforms generated by alternative splicing of its primary mRNA [3] . Extensive studies have been carried out on its functions in foetal-maternal immune maintenance. Studies suggested that HLA-G serves as a protection factor for foetus from maternal semi-allorecognition by the ability of HLA-G to modulate the functions of immune-competent cells, such as natural killer (NK) [4] . HLA-G functioned as an immunotolerant that is involved in its interaction with diverse receptors, such as the immunoglobulin-like transcript 2 (ILT2), ILT4 and killer immunoglobulin-like receptor 2DL4 (KIR2DL4) expressed on these immune cells [5] [6] [7] [8] .
Other than extra-villous cytotrophoblasts, distribution of HLA-G expression recently has been found to be much broader than originally reported. An increasing number of studies addressed that HLA-G expression was observed in various malignancies, such as colorectal cancer, retinoblastoma, ovarian carcinoma, breast carcinoma, haematopoietic tumours, renal cell carcinoma, melanoma and lung cancer [9] [10] [11] [12] [13] [14] [15] [16] [17] . Few studies had been carried out for HLA-G antigen expression in malignant haematopoietic cells. However, data were controversial, and the functional roles of HLA-G in these diseases were limited [18] [19] [20] .
In an effort to gain further insight into the role of HLA-G in malignant haematologic diseases, HLA-G cell surface expression was measured in bone marrow leukaemic blast cells from 87 malignant haematopoietic diseases and a variety of clinical and laboratory variables were analysed. Meanwhile, NK cell cytotoxicity against HLA-G-positive or -negative leukaemic cells isolated from AML patients was performed ex vivo.
Materials and methods

Patients
Eighty-seven patients with malignant haematopoietic diseases treated at the Department of Hematology, Wenzhou Medical College-affiliated Taizhou Hospital of Zhejiang Province were included in this retrospective study (between March 2006 and June 2007). Bone marrow samples were taken for diagnostic purposes, and surplus material was used in this study with informed consent of each patient according to institutional guidelines. Patient diagnosis was subclassified by morphological and by immunophenotyping. Patients with AML, CML, B-ALL or MDS at the time of diagnosis were characterized in Table 1 .
The diagnosis was based on standard cytological criteria according to the French-American-British (FAB) classification. Fifty-four patients with AML, 9 patients with CML, 13 patients with B-ALL and 11 patients with MDS were enrolled in the study, respectively. Mononuclear cell isolation from bone marrow was performed with standard FicollPaque (Sigma, Steinheim, Germany) density-gradient centrifugation method. Mononuclear cells from HLA-G negative (n = 11) and HLA-G strong positive samples (n = 3) were isolated and enriched by CD34 microbeads (Miltenyi Biotec, Auburn, CA, USA) according to the manufacturer's instructions for NK cell cytotoxicity analysis.
Cytogenetic analysis
Cytogenetic analysis of 21 cases from AML was performed using standard G-band karyotyping techniques. After bone marrow cells were processed using a short-term culture (24 hrs), 10 banded metaphases were analysed. Results were described according to the International System for Human Cytogenetic Nomenclature [21] .
Flow cytometry
Bone marrow mononuclear cells were separated from freshly drawn anti-coagulated by Ficoll-Paque density-gradient centrifugation. Blasts were identified by CD45 dim/low side scatter characteristics according to Lacombe et al. [22] . A peridinin chlorophyll protein (PerCP)-labelled anti-CD45 antibody (BD, San Jose, CA, USA) was used to differentiate leukaemic cells from normal lymphocytes in 
Cytotoxicity analysis and HLA-G-specific mAb 87G blocking assay
Cytotoxicity analysis was performed using CytoTox96 
Statistical analysis
Comparison of clinical or laboratory parameters was performed using the nonparametric Mann-Whitney U test for continuous variables and the 2 test for categoric data.
Cytotoxicity differences between groups were analysed for significance by a two-sided Student's t-test. Differences were regarded as significant at the P value less than 0.05.
Results
Cell surface HLA-G expression 
The relationship between the HLA-G expression and the percentage of blasts and immune cells
The percentage of malignant blasts or immune cells including total T lymphocytes, B lymphocyte and NK cells in HLA-G-positive and HLA-G-negative patients was analysed. Given that a wide variation of the proportion of HLA-G expression on leukaemic cells, which varied from 3.47% to 99.69% in AML patients, the percentage of the blasts and immune cells in these HLA-G-positive patients was analysed with different cut-off level of HLA-G expression. No dramatic difference was observed. In AML patients, the percentage of leukaemic blasts was significantly higher in HLA-Gpositive patients (83.1% ± 14.7%) than that in HLA-G-negative patients (66.3% ± 17.9%) (P < 0.01). Furthermore, the percentage of total T lymphocytes was dramatically decreased in HLA-G-positive AML patients when compared with that in HLA-G-negative AML patients (47.1% ± 22.5% versus 65.0% ± 18.1%) (P < 0.05). However, no such difference was found between the HLA-G-positive and HLA-G-negative groups in both CML and MDS. Furthermore, no significant difference between HLA-G-positive and HLA-G-negative group was found for the percentage of B lymphocytes and NK cells in all patients studied (Table 2) .
HLA-G expression and the bone marrow cytogenetic karyotype
Twenty-one AML samples (5 for HLA-G-positive and 16 for HLA-G-negative) were available for both the HLA-G expression measurement and the cytogenetic karyotyping. All five patients with HLA-G-positive showed cytogenetic karyotype abnormality, including two cases with t(15;17); two cases t(8;21) and 1 case with t(9;11), respectively, while 6 out of 16 HLA-Gnegative patients are with cytogenetic karyotype abnormality, including two cases with t(7;11); two cases t(15;17), one case with t(6;9) and one case with +8, +8, +15, respectively. When compared, a significant difference was obtained (P < 0.01) ( Table 3) . 
HLA-G expression and NK cytolysis against AML leukaemic blasts
HLA-G expression on tumour cells has been supposed to be an important way for malignant cells escaping from host immunosurveillance. We then investigated whether HLA-G protein expression in AML leukaemic cells could be associated with a decreased susceptibility to NK cytolysis. For this purpose, the IL-2-dependent leukaemic cell line NK-92 was used as a model of the NK effector cells. The cell line NK-92 was proved to be an excellent model system to study NK cell biology and KIR functions for its strong target cell cytolysis and well-defined cell surface markers, such as receptors ILT2 and KIR2DL4, which were involved in HLA-G-specific recognition [23, 24] . To test whether HLA-G expression on leukaemic cells from AML could directly exert an inhibition effect on NK cell cytolysis, blockade experiments with the HLA-G-specific mAb 87G were performed, which could exclude the involvement of other HLA molecules present on cells in the inhibition of NK-92 cytolysis. In this ex vivo study, no markedly different cytolysis was observed for the HLA-G-negative leukaemic cells when HLA-G was blocked. However, for the HLA-G-positive leukaemic cells, data showed that the NK cell lysis could be dramatically enhanced in a antibody dose-dependent manner when the cell surface HLA-G was blocked (Fig. 3) , suggesting that HLA-G expression could directly protect AML leukaemic cells from NK-92 cell cytolysis.
Discussion
HLA-G could inhibit function(s) of immune effector cells through binding to diverse types of receptors, such as ILT2, ILT4 and KIR2DL4 [25] . Although its initial significance had been established in foetal-maternal immunotolerance, HLA-G has been suggested to provide tumour cells with an effective pathway to escape from anti-tumour immune responses [26] [27] [28] . In this context, Paul et al. [29] have described for the first time that expression of HLA-G was found in solid tumours, and recently HLA-G expression has been observed in various tumours, including ovarian cancer, lung cancer, colon cancer, melanoma, breast cancer and renal cancer [30] . Few studies had been performed on HLA-G expression in different types of leukaemia patients, however, and data are limited and conclusions remain controversial. A group of previous studies addressed that no cell surface HLA-G was expressed in various types of haematopoietic diseases, such as AML, ALL, CLL and CML [19, 20, 31] . In contrast to these previous studies, a recent report by Nuckel et al. [18] concluded that all 47 cases of B-CLL samples express cell surface HLA-G antigen in a variable proportion of leukaemic tumour cells.
Methodology difference such as indirect immunofluorescence binding with the 87G antibody or direct immunofluorescence binding with the MEM/G9 antibody may partially address this controversy.
In the current study, cell surface HLA-G expression varies from 18.5% in AML, 22.2% in CML and 18.2% in MDS patients, respectively. However, no HLA-G expression was detected in B-ALL patients. A recent study by Gros et al. [32] showed that soluble HLA-G antigen were increased during acute leukaemia, especially in subtypes of AML-M4 and AML-M5, as well as in both B-and T-ALL patients. In our study, 3 out of 11 cases of AML-M5 patients were HLA-G-positive, but not detected in both AML-M4 and B-ALL patients. These data are consistent with the point that soluble HLA-G protein seems to be * Comparison between the HLA-G-positive and HLA-G-negative patients using the chi-square test.
Fig. 3
Cytotoxicity of NK cell against leukaemic cells isolated from AML patients and restored with an HLA-G-specific mAb 87G. Results were shown for 5-hr cytotoxicity assay using CD34-enriched leukaemic blasts isolated from different AML patients as the targets with an E:T ratio at 20:1. Experiments were performed in quadruplicate and the results were expressed as percentage of specific lysis Ϯ S.D. (A) A PerCP-labelled anti-CD45 antibody was used to gate blasts that were characterized by CD45 dim/low side scatter (SSC) (upper panel). HLA-G-specific mAb FITC-labelled MEM-G/09 was used to measure HLA-G expression on the gated CD45 dim/low cells (low panel). (B) Cytotoxicity of NK cell against leukaemic cells isolated from AML patients and restored with an HLA-G-specific mAb 87G. For the blockade experiments, target cells were pre-incubated with 5 and 10 µg/ml 87G or an isotype-matched IgG as an internal control, respectively. For HLA-G-negative patients no. 1 (n = 11). * P < 0.05, ** P < 0.01. more frequently expressed than membrane-bound HLA-G molecules in haematologic malignancies, such as lymphoproliferative disorders [33] . HLA-G molecules possess potent immune-suppressive properties by inhibition of NK cell functions and proliferation of CD4+ T lymphocytes, and by the induction of CD8+ T lymphocytes apoptosis and CD4+ T lymphocytes anergy [34] [35] [36] , and by trogocytosis, HLA-G could lead to instantly generate T lymphocytes from effectors to regulatory cells [37] . HLA-G expression in CLL patients was found to be associated with both humoural and cellular immnuosuppression [18] . In this study, the total T-cell percentage was dramatically lower in HLA-G-positive AML patients when compared with that in the HLA-G-negative group, while no such significance was found for both B lymphocytes and NK cells. Ex vivo cytotoxicity analysis in our study showed that HLA-G expressing in AML blasts could directly inhibit NK cell cytolysis, which could be restored by blockade of HLA-G with the HLA-G-conformational specific mAb 87G. However, whether functionality of NK cells in AML patients is altered remains unknown. A previous study indicated that NK cytolytic function was impaired in MDS patients partly due to the reduced NK-activating receptors [38] . Apart from this, HLA-G expression could also up-regulate NK cell inhibitory receptors, such as ILT2, ILT3, ILT4 and KIR2DL4, which may take part in immune evasion mechanisms [39] . These data indicated that HLA-G expression in malignant cells may result in host immune suppression, thus favouring tumour cells escaping from anti-tumour immunosurveillance and immune responses.
In addition, HLA-G expression association with a significantly higher percentage of bone marrow blast in AML patients was observed. In the current study, 21 cases of AML patients were available with both HLA-G expression status and cytogenetic karyotyping performed. Unexpectedly, all the HLA-G-positive AML patients were cytogenetic abnormal. The frequency of cytogenetic abnormality was markedly different between the HLA-G-positive and HLA-G-negative AML patients. Be noted, four out of five HLA-Gpositive patients were with 'favourable' karyotypes, such as t(15;17) and t(8;21) [40, 41] . However, clinical implications of these associations remain unknown, and a larger cohort trial is necessary to confirm this.
In summary, for the first time, we demonstrated that various proportion of leukaemic cells express cell surface HLA-G. HLA-G expression is correlated to a significantly lower total T lymphocyte percentage, rather higher percentage of leukaemic blast cells and cytogenetic abnormalities in AML patients. Furthermore, HLA-G expression could directly inhibit the NK cell cytolysis against the malignant cells. These findings indicated that HLA-G exerts unfavourable clinical roles in AML.
